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FOREWORD
This report is the result of research work conducted by the Joint Highway
Research Project of Purdue University in cooperation with the Indiana Depart-
ment of Highways under the direction of Professors Kumares C. Sinha of the
School of Civil Engineering, Keith D. Johnson and Jerry H. Cherney of the
Department of Agronomy and David C. Petritz of the Department of Agricultural
Economics. Other contributors included Messrs. Kang Hu, J.A. Mullen and W.
Jacobs.
Professor Sinha prepared the final report and, with the assistance of Mr.
Hu, conducted the survey of current practices; Professors Johnson and Cherney,
with the assistance of Mr. Mullen, analysed the yield, quality and heavy metal
content of forage; and Professor Petritz, with the assistance of Mr. Jacobs,
conducted the economic analysis. The help of Messrs. John Burkhardt, Barry




Harvesting of hay on highway right-of-way has received attention hy state
highway departments recently. Several states have already implemented such a
program. However, concern has been expressed over traffic safety, lead pois-
oning, economic and other issues. This report examines the pros and cons of
such a program including the current practices of the state highway depart-
ments. Various aspects considered include legal aspect, geographic condition,
traffic safety, economic benefit, contamination of hay, and aesthetic and
environmental concerns. A laboratory experiment conducted with randomly
selected samples of forage from highway right-of-way in Indiana indicated that
the concentration of lead, nickel, cadmium and zinc in the forage is below
toxic level concerns. In particular, the overall mean concentration level of
lead obtained in this study was approximately 18 ppm, well below the concern
level for livestock consuming roadside hay. An economic analysis conducted in
the present study indicated that, in general, a combination of above-average
yields (greater than 1.5 tons per acre) and above-average hay prices (greater
than $40 per ton) are required for the hay harvesting program to break-even.
INTRODUCTION
Highway mowing is one of the major tasks of roadside maintenance. It is
performed to maintain adequate sight distance and drainage, and provide a safe
and neat highway environment for the public. However, because of limited
maintenance budgets, mowing is not receiving the priority of funding it once
had. Many state highway departments are looking for ways to reduce their mow-
ing program by restricting the mowing frequency as well as the total mowed
area. In addition, growth retardants are being suggested to reduce mowing
needs.
The cost associated with roadside mowing will not likely decline in the
near future without some sacrifice of job quality. It is doubtful that the
public will support a mowing program of lesser quality. Funds currently being
spent on roadside mowing could easily be used by the State for other activi-
ties.
Recently, the IDOH was asked by a private individual the permission to
harvest hay along one of the Interstate highways in Indiana [12], The State
would bear no responsibility of packaging the hay. All packaging and tran-
sportation costs and all hay returns would belong to the private hay packaging
enterprise. This request prompted the IDOH to request a research study be
conducted by the Joint Highway Research Project.
In fact, a program aimed at the reduction of highway mowing with highway
department resources and allowing private individuals and enterprises to har-
vest the highway right-of-way for hay has received attention by many states.
The hay from the highway right-of-way is, in fact, a usable resource and
should not be wasted. If the hay can be utilized and cut by private
interests, it would benefit both the state and the harvester. Several states
have already implemented such a program. South Dakota, for example, has been
very successful in harvesting hay along its highways since 1950 [5]. However,
there has been a lot of concern expressed over safety, lead poisoning and
other problems.
One of the major concerns of using roadside vegetation for hay is lead
(Pb) poisoning of the hay-consuming herbivores. Lead contamination results
from automobile and truck exhaust particulate matter settling on the roadside
vegetation. Furthermore, the feasibility of making hay along Indiana high-
ways, including yield and forage quality information, is not known, particu-
larly in terms of cost-return relationships that can indicate how effective a
hay making program may be on the State highway system.
The present study was undertaken to examine the feasibility of harvesting
hay on Indiana highway rights-of-way. Particular attention was given to
determine the level of lead contamination that can be expected, the extent of
yield and the quality of the forage. An economic analysis was also undertaken
to assess the cost-return relationships of a hay harvesting program. In addi-
tion, a detailed survey of current practices by other state highway agencies
was also performed.
SURVEY OF CURRENT PRACTICES
Background Information
The purpose of this section is to present the findings of a nationwide
survey of current practices of state highway departments regarding highway hay
harvesting. Various aspects considered include geographic condition, legal
problems, economic benefits, traffic safety, contamination of the hay, and
aesthetic and environmental concerns.
The Indiana Department of Highways obtained information from eleven
states on the practice of harvesting roadside hay in 1976. As these data were
already available, an inquiry was made in April, 1983 of the remaining 39
states. Thirty-five states responded with either the details of their haying
program or the reasons why they do not allow such practices. Subsequently,
telephone interviews were conducted with the highway maintenance engineers of
the initial 11 states as well as those states which did not respond to the
recent inquiry. Current information is now available for all the states
except Alaska.
The current policies of state highway departments toward harvesting hay
along highways is shown in Figure 1. Thirty-one states currently do not have
such a program. Among these states, however, California has a few isolated
areas where harvesting is allowed under permit. Washington allows abutting
property owners to harvest native grasses for hay on non-limited access high-
ways. Eighteen states reported that this program has been in force for years.







































The major reasons for not allowing harvesting of hay are summarized in
Table 1. Geographic condition is the most common reason, followed by
economic, safety, contamination, and legal aspects. In addition, aesthetic




Certain topographic conditions of highway right-of-way are required to
make hay harvesting possible. The terrain must be flat enough to accommodate
conventional harvesting equipment and an adequate stand of palatable grass
must exist. Geographically speaking, none of the states in New England and
the Middle Atlantic areas allow hay harvesting along the highways. The states
of New Jersey, Massachusetts, Rhode Island are highly urbanized and the narrow
right-of-way makes it economically and technically infeasible to harvest the
hay. The state of Maine does not have a haying program primarily because the
majority of its Interstate system is located in wooded areas where grass is
hard to mow. Pennsylvania has a hilly terrain which makes it difficult to
carry out hay mowing operation. In the Mountain area, most of the states do
not provide such a program except in Montana and Wyoming.
On the other hand, most of the states In the West North Central and West
South Central areas permit such a practice. The climate, moisture and flat
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Most state laws on access control and Federal highway regulations require
that state highway departments maintain control of the right-of-way. A ques-
tion has been raised as to whether it is legal to allow private citizens to
work in the highway right-of-way for any commercial activity. Arizona state
statutes preclude the use of highway right-of-way for any commercial activity.
Colorado prohibits the movement of non-official machinery within the right-
of-way. As a result, the harvesting of hay can not be legally permitted in
these states.
However, this barrier was removed in Texas by a State Statute (Art. 6673f
Sec. 1) enacted in 1977, which stipulates that:
A district engineer of the State Department of Highways and Public
Transportation may grant permission to a person, at his request, to mow,
bale, shred, or hoe the right-of-way of any designated portion of a high-
way that is in the state highway system and is within the district super-
vised by the engineer.
In Tennessee, a State Statute enacted in 1978 provides that a local
farmer may petition the Department of Transportation for permission to cut and
bale hay along the right-of-way of Interstate highways within the state for
personal farming only. Several other states have also enacted similar regula-
tions to administer this program.
Under current practices, most states give adjacent property owners first
priority to mow and bale the hay on secondary roads where most of the right-
of-way was obtained by easement. For the Interstate system where the right-
of-way is possessed in fee simple, the most popular approach for granting per-
mits is on a first-come-first-served basis. In areas of high demand, bids are
received.
Considerable legal precedent exists to permit harvesting of hay along
highways. When the demand for access to cut hay on right-of-way is suffi-
cient, states need to review current practices and/or seek legislative relief,
Economic Benefit
The most direct benefit to the state for allowing harvesting of hay is
the savings in highway mowing costs. Currently, mowing in many states is per-
formed by state maintenance forces and/or by contractors. Even though a
number of states are reducing their mowing budget, there is still significant
amount of money expended in highway mowing each year. For instance, the Indi-
ana Department of Highways spent 1 million dollars hiring private contractors
to mow 44,000 acres of right-of-way in 1982. It took $308,000 for the state
of Washington to mow over 7000 miles of highways in 1982. It may be possible
to reduce these costs if a large portion of the highway system can be mowed
free of charge.
The mowing cost has increased rapidly in the past few years. Figure 2
shows the trend of mowing costs per acre of highway right-of-way by contractor
and state forces in Indiana. The mowing cost per acre was $24.80 by contrac-
tor in 1982 [5], (It should be noted that the actual mowing cost was $22.64
in 1982. The $24.80 figure includes a 10% addition for highway department
inspection costs). If the harvesting of hay is performed along the 1150 miles
of Interstate highway in Indiana with a conservative estimate of 10 acres per
mile, then the State can save up to $285,000 per year.
The other possible benefit to a state is the compensation from the har-
vesters. In the state of Missouri, haying is done on a share basis with the
state receiving one-third of the hay harvested by farmers. If the hay is not
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needed by the state, the one-third share may be sold to the harvester at the
established rate of $30 to $40 per ton. It was estimated that the average
yield of hay per acre of right-of-way is 2 to 4 tons. If 10,000 acres are to
be hayed, the state government can have about $350,000 of compensation each
year.
Obviously, the economic benefits that state highway agencies can receive
depend on the acreages available for haying. The Utah Department of Highways
pointed out that the right-of-way area there is not sufficiently large to have
a profitable hay harvestering program. In Washington, it was estimated in
1976 that only 1,602 acres out of the 110,350 acres of highway right-of-way
may be suitable for harvesting of hay. With such a small portion of highway
right-of-way available for haying, the saving and/or compensation for the
state would be limited.
The other factor that affects the economic benefit is the demand for
highway hay. If there are only very few requests from harvesters for hay bal-
ing even though a good program is there and large amount of right-of-way is
available, the savings in operation cost for the state would be very minor.
As a matter of fact, this is exactly the case for some states including Ore-
gon, Tennessee, West Virginia and Florida. Efforts have been made by these
states to encourage the private sector to utilize the highway hay. However,
little Interest has been expressed from farmers and private citizens. It is
worth noting that Nebraska had such a program several years ago. But because
the bids they received were extremely sparse, they decided it was not
worthwhile to continue this program.
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In addition to the possible economic benefit, there are extra costs
incurred as well. These costs include the administration expenses, cost of
establishing right-of-way in the field, traffic control, ref ertilization, per-
formance bond and so on. A group of states including Washington, Utah,
Pennsylvania and Ohio fear that the benefit of savings they receive due to
this program may not make up for the extra costs and it would not be worth the
effort, especially when very few requests are received to harvest the hay.
Traffic Safety
Many states expressed their concern about the traffic safety problems
which may be incurred by hay harvesting along the highways by private
citizens. The appearance of an unexpected slow moving machine on a major
highway right-of-way would probably increase the risk of accident both from
the standpoint of sight distance at interchanges and potential hazards related
to the harvesting operation. Further, it is more difficult to regulate the
operations carried out by private interests than by state maintenance forces.
According to the survey, more than 10 states considered harvesting of hay
along roadsides dangerous and therefore prohibit such practices.
While the concern over traffic safety is high, the safety records associ-
ated with hay harvesting in several other states do not indicate any cause for
alarm. South Dakota has had very few problems with traffic safety since the
implementation of their program. Wyoming and Missouri have not encountered
any major problem in safety so far. A detailed examination of the bid specif-
ications for these states leads to the fact that well defined safety regula-
tions are necessary to ensure safe operation.
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First, a liability insurance is required for the harvester in most of the
states. Two hundred and fifty thousand dollars for property damage and five
hundred thousand dollars in personal liability are most common. In addition,
the harvester is required to file a bond to cover the cost of fertilizing the
harvest area and guarantee restoration of the right-of-way in Arkansas and
Iowa.
Next is the requirement of appropriate signs installation in the working
areas. The permit is required to furnish and maintain the advance warning
signs conforming to either the Federal or State Manual on Uniform Traffic Con-
trol Devices.
Most of the states do not allow mowing in the median and the interchange
areas of Interstates to avoid unsafe operation. In West Virginia, Tennessee
and Illinois, mowing in the median and the interchange is allowed under spe-
cial arrangement.
Several other regulations aimed at safety operation include the access
control to working area, working time constraint, parking of equipment, and so
on. It is likely that traffic hazards can be reduced to a minimum provided
that the harvesters abide by the regulations.
Contamination of the Hay
The hay on highway right-of-way is subject to contamination by the trav-
eling vehicles. The lead and cadmium content as well as the litter, debris
and other pollutants in the hay could create problems for cattle feeding and
eventually result in a severe health problem for the public.
13
This concern is one of the major reasons cited by the states for not per-
mitting harvesting of hay along highways. Georgia Department of Transporta-
tion indicated that the lead level content of grass grown near the heavily
traveled roads is high enough to be of concern. In Massachusetts, it was
feared the amount of chloride in the hay resulting from the snow and ice con-
trolling operation could be unhealthy for animals. North Carolina expressed
concern not only about lead poisoning but also noted broken glass and large
debris found in the hay would certainly be hazardous to animal life. South
Carolina mentioned that a certain amount of herbicides used for grass and weed
control along the Interstate route could be harmful to cattle.
The experiences from those states where harvesting hay along highways is
in practice, however, are not discouraging. No state has yet received claims
about lead poisoning. Nor any know disease or harm of the cattle fed on high-
way hay has been reported. However, no claim does not necessarily mean no
problem, and the lead level contents in the hay need to be tested and
analyzed.
In a study conducted in Oregon [4], a number of grass samples collected
along various highway locations in Oregon were tested to check their lead
level content. The results are shown in Table 2. It was found that the lead
concentrations in roadside soil and grass decrease rapidly with distance from
traffic or edge of pavement. The lead content of roadside grass from the
worst location sampled versus the distance from the pavement is shown in Fig-
ure 3. It is seen that the highest lead level which occurred at the edge of
gravel shoulder was less than 40 ppm and it decreased to 10 ppm when the dis-
tance from the edge of pavement reached 40 feet. The weighted average of lead
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pointed out, is approximately 100 to 200 ppm. Consequently, the lead content
of roadside grass is well below the safety standard. In order to reduce the
chance of any possible contamination hazard, the Oregon program mows the first
15 ft. from the highway edge with highway department forces and allows the
grass beyond 15 ft. to be harvested for livestock consumption.
Another study done in Illinois [9] reported a similar result of decreas-
ing lead concentrations on plants with increasing distance from pavement edge.
It was found that within 65.6 feet (20 meters) of the heavily traveled roads,
the lead content in and on various plants was about 30 ppm. At a distance of
98.4 feet (30 meters) and more from the pavement, the lead in and on crops was
not significantly different from the field average of 8 ppm. On lesser trav-
eled roads, the traffic produced no observable influence on crop lead concen-
trations.
As for the debris, some animal scientists do not regard it as a problem
[12], A preliminary check before mowing can be done to remove large debris,
such as muffler or tire pieces that have fallen from vehicles.
In most of the states, the spraying of herbicides will not be applied on
areas where harvesting of hay is performed. A careful coordination between
the administration of the spraying program and hay harvesting would possibly
reduce the level of contamination from herbicides.
Although the public health problem may not be significant, the nutri-
tional quality of the hay is generally not very high. Highway hay is mainly
rye grass and fescue and some blue grass and volunteer clover. These may be
satisfactory for beef cows and ewes, but the quality is not the best. In
states such as Ohio and Virginia where hays are in abundant supply, the
private sector would not be interested in cutting highway grass. A number of
states reported that due to the poor quality of highway hay, there have been
very few requests to harvest hay along highways.
17
Aesthetic and Environmental Concerns
In general, the public views a mowed roadside as aesthetically pleasing
and an unmowed roadside as less attractive. In areas where mowing has been
reduced, complaints about unsightly appearance of the highways are often
raised. Harvesting of hay can help the state maintain a neat appearance of
the highway. However, some operators do a very poor job of mowing and leave
the roadside in an unsightly condition. Furthermore, some states found it
difficult to get the private harvesters to remove their hay from the right-
of-way within the specified time limit. Thus, adverse aesthetic impact could
also occur by such a program.
From standpoints of ecology and environment, mowing can potentially dis-
rupt the native flora and fauna growing along a roadside. Unmowed roadside
will provide good nesting cover for wild animals and birds. In this aspect,
reduction in mowing or even no mowing is advocated by some environmental
groups. Consequently, a number of states, including Minnesota and South
Dakota, have received complaints from environmental groups for allowing hay
harvesting. As a result, the Minnesota Highway Department discourages adja-
cent landowners from mowing roadsides controlled by easement until after July
31 to protect nesting wildlife.
Other Considerations
Not only can the highway hay be used as forage for livestock, but the hay
can be applied as a mulch material for construction or maintenance purpose.
In Florida, a Hay Baling Study in two of its six districts is currently under
way. The hay is being cut from the highways, baled and delivered using the
department's own equipment and forces. The purpose of that study is to
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determine if it is feasible to use the hay as mulch material for shoulder
reworking projects.
There is a positive as well as a negative impact on drainage blockages
and fire hazard along the highways due to harvesting of hay. Well-mowed high-
ways would reduce possible fire hazards caused by standing dry grass and
facilitate the passage of drainage water. However, the period of time between
mowing of hay and removal of hay would create an ideal situation for fire
starts. Besides, failure to remove cut hay from drainage areas could result
in even more severe blockages.
Some states do not allow harvesting of hay except in a severe drought
season. The hay provided along the highways would be a valuable resource in
time of demand. For example, in 1975 Wisconsin and Minnesota experienced a
drought condition, and the state governments authorized the cropping of hay
free of charge by adjacent farmers from state trunk highway right-of-way on an
emergency basis.
YIELD, QUALITY AND HEAVY METAL CONTENT OF FORAGE
In this section, a discussion is- presented of the research methodology
used in and the results obtained from the study 1) to determine forage yield
and forage quality along major Indiana highways; and 2) the concentration of





Quality and Heavy Metal Determination
Forage samples were harvested along Interstate Highways 65 and 70 between
May 9 and June 2, 1983. Forage maturity among the samples were dissimilar.
Contracted highway mowing crews forced a random sample collection pattern
instead of a southernly to northernly sample collection pattern. Twenty-
three different locations were sampled along the interstate systems, 13
along 1-65 and 10 along 1-70. Distance between sampling sites was
approximately 25 miles (40.23 km). Six samples were harvested at each
location. The six samples correspond to two samples equally spaced within
the highway median, two samples immediately adjacent to the shoulder edge
and two samples approximately 25 feet (7.62 m) past the shoulder edge. A
quadrat, 1.64 feet (0.50 m) x 7.87 feet (2.40 m) , was randomly placed at each
sampling location and the forage was harvested to a 3 inch (7.62 cm) stub-
ble height with Disston battery powered shears. The forage was weighed to
the nearest gram on a tared scale, dried at 140 F (60 C) and ground in a Wiley
mill to pass a 1-mm screen.
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Dry matter percentage and dry matter yield were determined. Forage qual-
ity analyses performed include total nitrogen (N) [8] and in vitro dry matter
digestibility (IVDMD) [10]. Heavy metal concentrations (Lead (Pb), Nickel
(Ni), Zinc (Zn) and Cadmium (Cd)) were determined using a Varian AA-6
atomic absorption spectrophotometer according to a modified procedure ini-




Three replicates at two locations, mile markers 135 1/2 and 131 on
Interstate 65, were sampled on June 3, 1983. Samples were collected within
the median and just off of the shoulder edge as previously described.
After collection, the samples were brough back to the laboratory and each
sample was subdivided into two subsamples. One subsample was
washed consecutively in a 0.1% soap solution for 30 seconds, a 0.1 N HC1
solution for 30 seconds and followed with two 30 second distilled water
rinses. Both the rinsed and unrinsed samples were then dried at 1A0 F (60 C)
and ground to pass a 1-mm screen with a Wiley Mill. The samples were then
analyzed for the heavy metals as previously described.
Results and Discussion
Forage Yield and Quality along 1-65 and 1-70
Forage yield and quality was influenced by the three general positions
sampled, the median, just past the shoulder edge, and 25 feet beyond the
shoulder edge (Table 3). The dry matter percentage of the forage found
beyond the shoulder edge was 15.0-17.2 percentage units greater than the
other positions sampled. This resulted because the forage included resi-
dues from previous years' growth. This sampling area was beyond the
area where mowing crews have operated for roadside maintenance. Because
there was much residue, forage quality was lower and yield was higher at the
far position.
Total N concentration was low at all sampling positions, less than the
critical N value for a gestating beef cow (1.67% N). The low N values in
the median and next to the shoulder edge forage are low, presumably
because the forage sampled was primarily tall fescue and/or Kentucky
bluegrass that has received no N fertilizer. Few legume species were
sampled over the 23 locations. Legumes have a higher N content and would
improve the forage N concentration if more commonly found along the
interstate highways. The N content of the far position sampled was approxi-
mately 0.35 percentage unit less than the forage along the median or next to
the shoulder edge (Table 3).
The IVDMD content was 18.4 percentage units greater in the forage along
the shoulder edge than at the far position. The difference was even
greater, 24.7 percentages units, when comparing IVDMD of forage in the
median to that found at the far position (Table 3). Unlike total N con-
centration, IVDMD values of the median and next to the shoulder edge forage
are adequate for beef cow maintenance. The IVDMD content of the forage at
the far position (41%) is too low to be the sole feed source for beef cow
maintenance.
The far position's forage yield was approximately twice the forage yield
of the shoulder edge, and approximately three times the forage yield in
22
Table 3. Mean Values for Forage Quality and Yield When Sampled at
23 Locations Across Indiana.
25 Feet Beyond Next tc i Median P*
the the
Parameter Shoulder Edge Shoulder Edge
Dry Matter, % A7.1 47.1 32.1 <.01
Total N, % 1.01 1.34 1.36 <.01
IVDMD, % 40.99 59.34 65.64 <.01
Yield, lbs. /acre 3170 1591 1051 <.01
P* = Probability of a larger F-value due to chance
the median (Table 3). This yield difference occurs because the far sampling
site had residues from previous years' growth that were not clipped by the
mowing crews
.
While the average values for each parameter are useful data, it should be
noted that the ranges associated with each parameter are great (Table 4).
The location x position interactions were significant (P <.01 - Dry Matter,
1VDMD, and Yield; P = .03 - % N) for all parameters. These data are dif-
ficult to interpret fully, but do indicate a great disparity among locations
for values at each sampling position.
More Detailed Sampling Results
Eight of the previously mentioned 23 sampling sites were sampled twice at
each site. This provided four replicates at each site for each sampling
position instead of just two replicates. The more detailed sampling procedure
resulted in similar forage quality conclusions as stated earlier (Tables 5, 6,
7 and 8).
Inorganic Contaminants
Lead is the inorganic contaminant of most concern because of particulate
matter from motor vehicle exhaust systems. Since atomic absorp-
tion spectroscopy utilizes the same sample for all elemental analyses, the
levels of cadmium, nickel, and zinc in the forage were also determined.
To assess statistically the element levels more accurately, the eight
sampling sites where replicates were taken were utilized. The location
sites are the same as the location sites mentioned in Tables 5 through 8.
These sites were arranged so two sites would be from 1-65 North, 1-65 South,
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Table 4. Range of Values for Forage Quality and Yield When Sampled
at 23 Locations Across Indiana.
25 Feet Beyond Next to
the the
Parameter Shoulder Edge Shoulder Edge Median
Dry Matter, % 37.1 - 68.5 27.1 - 39.8 27.3 - 36.4
Total N, % 0.69 - 1.55 1.07 - 1.93 1.01 - 1.89
IVDMD, % 30.24 - 52.64 44.27 - 70.71 61.37 - 72.93
Yield, lbs. /acre 1101 - 5605 759 - 3191 290 - 1986





25 Feet 1 eyond
the Shou der Edge 47 .8 43.1 51.8 44.3 47.9 52.6 28.0 27.4 42.9
Next to 1 le
Shoulder ic'ge 30.6 33.2 31.7 27.5 38.5 37.2 22.2 22 1 30.4
Median 28.6 30.1 28.8 27.6 27.5 36.6 20.7 25.1 28.1
x* 35.7 35.5 37.4 33.1 38.0 42.1 23.6 24.9 33.8
Location**P <.01 Position P <.01 Location x Position P <.01
**P = Prooability of a larger F-value due to chance
*Location 1 mile marker 42 1-65; Uniontown, exit 250
2 mile marker 56 1-65; 1/2 mile N. of highway 31A
3 mile marker 162 1-65; west side of Tippecanoe County and Clinton
County line
4 mile marker 177 1-65; 43 & 1-65 intersection
5 mile marker 37 1/4 1-70; E. of 243
6 mile marker 51 1/2 1-70; E. of Little Point
7 mile marker 139 1-70; 2 miles E. of 1 and 1-70 intersection
8 mile marker 153 1/2 1-70; 2 miles E. of 227 and 1-70 intersection
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the Shoulder Edge 0.82 1.17 0.80 1.28 1.01 0.86 0.99 1.14 1.01
Next to the
Shoulder Edge 1.10 1.30 1.21 1.81 1.07 1.05 1.36 1.34 1.28
Median 1.03 1.17 1.29 1.65 1.02 1.07 1.32 1.30 1.23
x 0.98 1.21 1.10 1.58 1.03 0.99 1.23 1.26 1.17
Location P** <.01 Position P <.01 Location x Position NS
**P = Probability of a larger F-value due to chance.
*Location 1 mile marker 42 1-65; Uniontown, exit 250
2 mile marker 56 1-65; 1/2 mile N. of highway 31A
3 mile marker 162 1-65; west side of Tippecanoe County and Clinton
County line
4 mile marker 177 1-65; 43 & 1-65 intersection
5 mile marker 37 1/4 1-70; E. of 243
6 mile marker 51 1/2 1-70; E. of Little Point
7 mile marker 139 1-70; 2 miles E. of 1 and 1-70 intersection
8 mile marker 153 1/2 1-70; 2 miles E. of 227 and 1-70 intersection
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Table 7. In Vitro Dry Matter Digestibility (%) of Forage





the Shoulder Edge 43.42 44.30 44.80 46.38 40.34 35.76 37.00 35.20 40.90
Next to the
Shoulder Edge 58.35 55.26 68.20 68.50 48.13 57.76 44.19 57.70 57.26
Median 62.88 63.20 70.20 69.71 65.98 57.10 60.70 55.08 63.11
x 55.88 54.25 61.07 61.52 51.50 50.21 47.30 49.33 53.76
Location P** <.01 Position P <.01 Location x Position P <.01
**P = Probability of a larger F-value due to chance
*Location 1 mile marker 42 1-65; Uniontown, exit 250
2 mile marker 56 1-65; 1/2 mile N. of highway 31A
3 mile marker 162 1-65; west side of Tippecanoe County and Clinton
County line
4 mile marker 177 1-65; 43 & 1-65 intersection
5 mile marker 37 1/4 1-70; E. of 243
6 mile marker 51 1/2 1-70; E. of Little Point
7 mile marker 139 1-70; 2 miles E. of 1 and 1-70 intersection
8 mile marker 153 1/2 1-70; 2 miles E. of 227 and 1-70 intersection
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Dry Matter Yield (lbs. /acre)
25 Feet Beyond the
Shoulder Edge 2753 3076 3038 2629 2777 4572 4444 5533 3603
Next to the
Shoulder Edge 2872 2502 1123 1122 3136 1904 4327 1523 2314
Median 2025 1332 2433 990 1777 958 2478 2846 1855
x 2550 2304 2198 1580 2564 2478 3750 3301 2590
Location** P <.01 Position P <.01 Location x Position P <.01
** Probability of a larger F-value due to chance
Location 1 mile marker 42 1-65; Uniontown, exit 250
2 mile marker 56 1-65; 1/2 mile N. of highway 31A
3 mile marker 162; west side of Tippecanoe County and Clinton
County line
4 mile marker 177 1-65; 43 & 1-65 intersection
5 mile marker 37 1/4 1-70; E. of 243
6 mile marker 51 1/2 1-70; E. of Little Point
7 mile marker 139 1-70; 2 miles E. of 1 and 1-70 intersection
8 mile marker 153 1/2 1-70; 2 miles E. of 227 and 1-70 intersection
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1-70 East and 1-70 West. This sampling procedure may determine possible
region differences for inorganic contaminant levels. Table 9 lists the con-
centration of each element as influenced by highway location.
As indicated in Table 9, the greatest concentration levels of all ele-
ments measured were found in forage sampled along 1-70 East. Mean con-
centration values for the 1-70 highway system forage samples were
greater than those forage samples collected along 1-65 (Table 9). Lead con-
tent was approximately three times greater and nickel content was approxi-
mately two times greater in forage sampled along 1-70 as compared to forage
sampled along 1-65.
Sampling positions averaged over locations were not statistically signi-
ficant for lead and cadmium (Table 10). Arithmetically, there were great
differences among the sampling positions for lead concentration. How-
ever, there was so much variation in lead concentration at the different
replicated location sites, that no significance resulted.
Sampling position did have an effect upon the amount of nickel and zinc
found in the forage (Table 10). Greatest concentrations occurred in
the shoulder edge samples and the median sample closest to 1-65 S or
1-70 E. Greater nickel and zinc concentrations may be found in the shoulder
edge samples.
In all cases, the concentration of the elements in the forage are below
toxic level concerns [11]. The major elemental concern, as mentioned earlier,
was lead. It has been shown through past research [1] that the concern level
for lead is 80 ppm in dry forage for horses and 300 ppm in dry forage for
cattle. The overall mean obtained in this study was approximately 18
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Table 9. Concentration Levels (ppm) of Pb, Ni, Cd and Zn in
Forage Along Several Indiana Highway Systems.
Highway System
Element 1-65 N 1-65 S 1-65 7 1-70 E 1-70 W 1-70 x *P
ppm
Pb 10.42 7.14 8.80 38.59 15.16 26.88 .03
Ni 2.27 1.47 1.87 4.07 3.18 3.63 .02
Cd 0.37 0.35 0.36 0.47 0.38 0.43 .03
Zn 25.77 24.97 25.37 43.63 28.87 36.25 .03
*Probability of a larger F-value due to chance
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Table 10. Concentration Levels (ppm) of Pb, Ni, Cd and Zn in
Forage When Sampled at Different Positions Along
A Highway Site.
Element (ppm)
Position /long Highway Pb Ni Cd Zn
25 Feet Beyond the Shoulder Edge 22.86 2.01 0.37 24.62
W of 1-65 or S of 1-70
Next to the Shoulder Edge 17.48 3.10 0.42 33.34
W of 1-65 or S of 1-70
Median - .losest to 1-65 S 15.94 3.14 0.39 35.39
or 1-70 E
Next to tie Shoulder Edge 19.97 3.50 0.44 37.20
E of 1-65 or N of 1-70
25 Feet B yond the Shoulder Edge 23.10 2.53 0.38 27.53
E of 1-65 or N of 1-70
x 17.83 2.75 0.39 30.81
*P NS <.01 NS .07
*Probabil ty of a larger F-value due to chance
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ppm lead, well below the concern level. Based upon this research study,
it is doubtful that adverse reactions to lead would result from livestock con-
suming roadside hay.
Washing Experiment
Washing the forage with the soap acid solutions, and rinsing it twice
with distilled water did reduce the concentrations of all elements (Table
11). Statistical probabilities are somewhat high because the power of the
test was weak.
These data indicate that much of the lead, nickel and zinc were surface
contaminants and not within the forage itself. Approximately 70% of the
lead was removed by the washing process . Only 9% of the cadmium was removed
by the washing process. Environmental conditions prior to harvest (pro-
longed wet or dry periods) will influence the lead, nickel, cadmium and zinc
concentrations present at hay harvest.
Table 11. Effect of Washing Upon Pb, Ni, Cd and Zn Concentration
in Forage.
Element Unwashed Washed P*
ppm
Pb 10.6 3.2 .12
Ni 2.92 1.96 .03
Cd 0.34 0.31 .14
Zn 29.5 21.3 .09
*P = Probability of greater F-value due to chance
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ECONOMIC ANALYSIS
As a part of the study, a detailed analysis was undertaken to assess the
economic feasibility of a hay harvesting program. The assumptions made in
this analysis and the findings are discussed in this section. It should be
noted that the economic analysis considered one alternative method of harvest-
ing and that most of the assumptions made were based on operation of the hay
mowing and harvest equipment in field conditions, not roadside conditions.
Actual roadside operations of equipment may prove these assumed coefficients
to be inaccurate.
Overview of Provisions Associated With Right-of-Way Forage Harvest
The special provisions associated with roadside mowing and harvesting are
detailed in the LDOH publication "Roadside Mowing and Hay Harvesting Permit -
Special Provisions." In brief, the following provisions were considered as
assumptions for the economic analyses:
1. The project shall consist of two mowings. The first mowing may be
done beginning April 18 and continue through June 17 at which time, all mow-
ing must be completed. More than one cutting for harvest of hay may be done
in this period but vegetation must be cut when it reaches 18 inches in
height. The second cutting .will start approximately August 1, although this
date may be adjusted by the IDOH engineer depending on growing conditions and
height of vegetation. Harvesting will be permitted on the second cycle but
work, must be completed 45 calendar days after notice of the beginning harvest
date from the IDOH.
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2. During both cuttings, minimum mowing areas shall be mowed during the
above mentioned dates. Haying operations may take place before or after
periods described above on areas outside minimum mowing areas.
3. Any mown and windrowed hay which has been cut for seven days and was
ruined by weather must either be removed from the site or scattered evenly
over the area to prevent injury to growing turf.
A. For safety of passing traffic, several safety provisions must be fol-
lowed. Four signs are required to warn on-coming traffic of the danger of
equipment on highway.
5 . Equipment may not be parked in the median during non-working hours
.
Equipment must be parked beyond the ditch line or off the right-of-way but in
any case, not closer than 30 feet to the edge of pavement unless protected by
a guardrail or other barriers. Loading of hay bales onto carts may be done in
the median, in grass areas beyond paved shoulders or only on paved shoulders
when protected by an arrow sign.
Proposed Harvesting Procedure
The procedure proposed for harvesting of forage along roadsides in this
analysis are little different from currently used mowing procedures. The only
difference is that a 7 foot disc mower will also windrow the forage.
The harvesting will be done by a "large round baler" which produces bales
that are 5 foot in diameter, 4 foot in width and weigh 800 to 1200 pounds.
This size bale facilitates transportation of the bales on an eight foot wide
semi-trailer truck.
The remaining mowing and trimming procedures will be similar to currently
prescribed requirements.
Once the forage along the roadsides has been mown and windrowed, the
forage will be left to cure for 36 to 72 hours, depending on weather condi-
tions. After the forage has cured, baling can take place, although the ini-
tiation of this procedure will usually be delayed each morning until the dew
has evaporated from the hay. Baling may continue throughout the day and into
the evening when the moisture content of the hay will increase.
When packaged, the bales of hay will be moved to a loading area on a bale
trailer which will hold five large round bales. At the loading site, these
bales will be loaded onto a semi-trailer truck which can carry 22 bales per
load. A tractor-mounted bale lift will be used to load the bales onto the
truck.
It is assumed the hay bales will be transported 50 miles for delivery to
a buyer.
Description of Equipment Required for Harvest
Two factors were considered in selecting equipment: a) mow the forage in
a manner that varied little from existing mowing operations and b) package
the hay in a quick and efficient fashion and produce a package that can
be transported easily.
The equipment selected for this economic analysis is listed in Table 12.
It was assumed that two used, eighty-horse power tractors would be purchased
for pulling the large round baler and the bale cart. Two smaller tractors
would also be purchased - one for operating the bale lift which is needed to
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Table 12. Investment Requirements and Annual Costs of Machinery Required for Hay
Harvest Program.
Item Investment Annual Cost a/
80 hp Tractors b/ two @ $4500





Baler, 5 fe-.c in dia-
meter, f 'ur feet
width $10500


















a/ Annual ownership costs include the following which are determined as a
percentage of purchase price: Depreciation (5 year life, straightline), 20
percent; interest on investment, 15 percent; taxes on equipment, 1.5
percent; insurance, 0.5 percent; and storage costs of machinery, 1.0
perent. Total annual cost is 30.5 percent of purchase price of machinery.
b/ used aquipment
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load the bales onto the semi-trailer truck and the second for possibly rak-
ing the hay and for operating a mounted bale carrier in case bales must be
moved. It was assumed that tractors needed for mowing would not be pur-
chased since the contractor would already have these.
The mowers considered would be two 7 foot disc mowers which were
equipped to windrow the forage. If the windrowed hay is not rained on and
if it is sufficiently dense to be picked up by the round baler, the forage
may be baled without raking. Since a rake will likely be needed at sometime,
one has been included in this analysis.
A medium-sized round baler was considered in this example. The width of
the bales was the main criterion in the selection of this baler size. The
bales are five feet in diameter and four feet in width. This will allow them
to be loaded two-wide on a semi-trailer truck. Each bale can weigh as much as
1200 pounds.
Other equipment included in the budget was a cart which could haul five
of the hay bales to a loading point where they will be loaded onto a truck.
It was assumed that a single bale mover would be purchased for use in moving
bales away from the immediate roadsides. The hay lift will be needed to load
the bales onto the semi-trailer truck.
Quality of Hay Harvested
,
Potential uses and Market Values
The laboratory analysis of samples of the forage growing along the
rights-of-way concluded that the quality of this forage will be relatively
low, as discussed in the previous section of this report. The forage consists
primarily of grasses which would be low in energy and protein. Its best use
would be for wintering dry, pregnant beef cows or ewes, or for use as bed-
ding. (The grass hay has an advantage for outside storage since the round
bales will shed rain much like a thatched roof.) The hay has a limited market
value because of its low feeding value. However, in a year when hay pro-
duction and pasture availability have been reduced by dry weather, this forage
can be used to alleviate the tight supplies. On the other hand, when weather
conditions are conducive to large production levels of hay and pasture, forage
of this quality will likely have minimal market value.
For purposes of this economic analysis, it was assumed that this low
quality grass hay would have an economic value of $10 to $50 per ton.
Economic Analyses of Forage Harvesting of System
The costs associated with harvest of roadside rights-of-way include
variable costs and overhead costs. Variable costs include machine operation
(fuel, oil, twine, repairs), labor, transportation of hay, and miscellaneous
expenses. Overhead costs include annual ownership costs of machinery.
The overhead expenses of machinery ownership are outlined in Table 12.
Total investment requirements were estimated to be $43,550. These are based
on manufacturers' list prices for the disc mowers, the baler and the bale
movers, and an estimated sale value for the used tractors and rake. On an
annual basis, the cost of owning this equipment was estimated to be $13,283.
Annual ownership costs include: depreciation on equipment, interest on
investment in equipment, taxes, insurance and shelter costs for the machinery.
The variable and total costs of hay harvesting are detailed in Table 13.
The variable costs were difficult to estimate since data available for these
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Table 13. Estimated Harvesting Expenses per Acre,
Item Cost per Acre ($)
Machine operation a/ $11.50





a/ includes fuel and oil for tractor, repairs for all equipment, and twine for
baler.
b/ based on data derived in Table 1 and assumes equipment used on 1000 acres
per year.
c/ assumes equipment can cover 1000 acres in 30 days of harvesting during
summer period.
Labor costs based on assumption of five employees working 30-ten hour days
and being paid wages of $5 per hour.
d_/ assumes 22 bales per load on a semi-trailer truck and hauled 50 miles for
delivery at a lease cost of $1.75 per mile. Assumes hay yields 1.5 to 2.0
tons per acre.
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costs are based on farm-field operating conditions. In particular, the
repair item was particularly difficult to estimate because IDOH personnel
have indicated that roadside right-of-ways are littered with a variety of
pieces of metal, wire and glass which could potentially puncture tires or
cause breakage in the disc mowers and the balers.
Labor is based on assumption of five employees working 10 hours /day at a
wage rate of five dollars per hour. Given the equipment complement, it was
assumed this team could potentially harvest 1000 acres of roadside in a 30
day period or approximately 33.3 acres or two miles per day. Based on
these variables, the labor cost would be $7.50 per acre of roadside mowed,
harvested and trimmed to meet the IDOH provisions.
Based on the estimated prices and costs, the total cost of mowing and
harvesting the rights-of-way is estimated to be $44 per acre or $660 per mile
of roadside, assuming 15 acres of roadside per mile of four lane, divided
highway. Not included in this cost schedule are a) interest on money needed
to finance the wages, repairs, fuel, twine, and other costs during the time
period between hay harvest and the receipt of the income for hay sale and b)
management and risk. Individual entrepreneurs would likely evaluate these
differently and as such, assign different economic values to them.
Given these cost estimates, an expression of the potential profitability
of the hay harvesting program could be made by combining these with alterna-
tive hay price and yield levels. The results of this method of analyses are
indicated in Table 14. These data reflect net returns per acre in terms of
potential hay sales per acre minus estimated hay harvest expenses per acre.
Table 14. Returns Over Windrowing and Harvest Costs per Acre.
Yield per acre - Tons
.75 1.00 1.25 1.50 1.75 2.00
$10 -$36.84 -$34.34 -$31.84 -$29.34 -$26.84 -$24.34
Per $20 -29.34 -24.34 -19.34
1
-14.34 - 6.84 1
1




-14.34 - 9.34 - 4.34
Ton $30 -21.84 .66 8.16 15.66
($) $40 -14.34 15.66 25.66 35.66
$50 - 6.84 30.66 43.16 55.66
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In general, these data indicate that a combination of above-average
yields (greater than 1.5 tons per acre) and above average hay prices (greater
than $40 per ton) are required for the hay harvesting program to break-even,
i.e. cas i receipts exceed costs of windrowing, packaging and transportation.
The juestion which this study was designed to answer was, "How much can
the per nile cost of mowing roadside rights-of-way be reduced by allowing the
contractor to remove the forage as hay?" Based on the above analyses and the
assumpticn that there are approximately 15 acres of forage per mile of four
lane, divided highway, the cost of mowing could be reduced to zero cost if
1.5 to 1 75 tons of forage were harvested per acre and could be marketed for
$40 per or.. Even if a hay price of $30 were assumed, the contractor could
generate nearly $1.00 per acre from the harvest and sale of hay which could in
turn be subtracted from recent mowing bids of approximately $22 per acre.
Additional data are shown in Table 15.
The contractor who reduces his mowing bid based on particular assumptions
for yiel and price assumes a great deal of risk. In particular, the impact
of rainf 11 can not be over stressed. Excessive rainfall could delay mowing
and hay arvest, resulting in lowering forage quality due to the naturally
occurrin maturation process of the forage. Excessive rainfall can also
cause de erioration of windrowed hay, making it unsuitable for animal feed and
as such, its value would be greatly reduced or eliminated. Abundant rainfall
can also contribute to hay and pasture growth to an extent that hay sup-
plies an plentiful and resulting marketing prices decline to unprofitable
levels.
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Table 15. Returns over Windrowing and Harvest Costs per Mile of Roadside,
Assuming 15 Acres per Mile of Four Lane, Divided Highway.
Yield per Acre
•75 1.00 1.25 1.50 1.75 2.00
























- 65 84 234 384 534
$50 -102 84 272 459 647 835
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On the other hand, a lack of rainfall could reduce the yield of roadside
forage to unprofitable levels. Even if drought severely reduced hay produc-
tion and pasture growth within a region and brought about sharply higher
prices, the contractor may lose money even at prevailing high prices if the
decline in yields is greater.
Another factor is market acceptance of the roadside hay. Although
laboratory analyses have indicated that heavy metal concentrations are at safe
levels, livestock producers in general will be hesitant to purchase the hay
because of alleged lead content. Also, the potential for the hay bales to
contain small pieces of glass or metal which could cause injury and possible
death to the consuming animals is also a factor which will reduce the market
potential of the roadside hay.
Discussion of Results
The above analyses indicate that harvesting of hay is economically feasi-
ble assuming above-average market prices for the baled grass hay and above-
average yields. Based on the assumptions used in this analysis, contrac-
tors could generate sufficient net returns that they could bid "0" cost for
the mowing contract if they could harvest 1.5 to 1.75 tons of forage per
acre and sell it at a price of $40 per ton. Even at $30 per ton market
price, they would generate sufficient net returns to reduce bids by nearly
$1 .00 per acre .
However, the contractor who reduced or eliminated costs of mowing in
favor for the right to harvest and sell hay would greatly increase risk -
particularly weather impact. Net returns could be affected by too much rain
as well as by too little rain.
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Also, given the attitude of the general group of livestock producers
towards roadside hay, it would seem appropriate for the contractor to iden-
tify market outlets for the hay before bidding on the mowing and harvest-
ing contracts.
It should be noted that there are additional questions that still need to
be answered:
a) Costs of laboratory analysis of forage samples which must be provided
by contractor at the rate of one sample per 10 miles of roadsides.
b) What is actual harvest capacity of equipment in roadside conditions?
c) Impact of weather on hay quality and on labor costs, i.e. will
employees be paid on rainy days?
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CONCLUSIONS
Traditionally, highway mowing is performed by state maintenance forces
and/or contracted out to private contractors with the state paying the cost. Due
to the economic constraint, a number of states are tightening their budget in
highway mowing and reducing the frequency. There is a possibility that high-
way mowing may be partly replaced by private harvesting of hay. Under this
program, the state would allow private interests to cut grass on highway
right-of-way and bale it for hay for little or no fee. A possible program may
offer haying as an option to regular mowing contracts. This would require
mowing to minimum standards with harvesting regulated to specific times or
locations. This might result in lower bid prices per acre than standard mow-
ing contracts with the difference made up by the value of the hay obtained.
Such an arrangement may be more attractive to potential harvestors than stan-
dard hay harvesting contracts as there would be some revenue paid by the state
for the mowing portion.
The present study examined the pros and cons for various aspects of high-
way hay harvesting. Harvesting of hay on highway right-of-way has been found
to be feasible by several states only under certain conditions. First, a
suitable geographic condition must exist, the terrain must be flat enough and
the areas available for haying must be large enough for possible operation.
Next, there must be appropriate legal authority for a highway department to
allow such a practice. Most importantly, there must be sufficient demand for
highway hay. Without the interest from farmers and private contractors to mow
the grass, any program would be in vain. The demand for highway hay would
depend on its quality as well as on the price and availability of hay in the
area. As for traffic safety, experience reveals this can be controlled with
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proper regulations and administration of the hay harvesting program.
The concern about contamination of roadside vegetation by such pollutants
as lead and cadmium is a serious one. However, the available information sug-
gests that the level of contamination may not be significant enough to cause
any public health problem. The present study verified the available informa-
tion with laboratory analysis of forage samples collected along Indiana high-
ways. It was concluded that it is doubtful that adverse reactions to lead
would result from livestock consuming roadside hay. Furthermore, it was
observed that much of the lead, nickel and zinc were surface contaminants and
not within the forage itself.
An economic analysis conducted in the present study indicated that a com-
bination of above-average yields (greater than 1 .5 tons per acre) and above-
average hay prices (greater than $40/ton) are required for the hay harvesting
program to break-even in Indiana. Furthermore, under certain assumptions, the
study showed that the contractor could generate about $1.00 /acre from the har-
vest and sale of hay which could in turn be subtracted from recent IDOH mowing
bids of approximately $22 per acre.
Although the economics of a hay harvesting program may not make such a
program implementable in most states at the present time, changes in the local
demand for hay and in labor and administration costs of roadside- mowing pro-
grams may cause the hay harvesting program to be feasible in the future. The
relative success of existing hay harvesting programs in several states sug-
gests that their potential cost-effectiveness to both state governments and
private citizens should be subject to periodic review and consideration.
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